We have demonstrated detection of water isotopologues (H16OH, H18OH and HDO) by a compact fiber-coupled tunable diode laser absorption spectroscopy setup. The measured results agree well with HITRAN simulation.
Abstract:
We have demonstrated detection of water isotopologues (H16OH, H18OH and HDO) by a compact fiber-coupled tunable diode laser absorption spectroscopy setup. The measured results agree well with HITRAN simulation. There is strong interest in small-footprint, field-deployable sensors for detecting changes in isotopologue signatures in ambient water vapor for applications in environmental and atmospheric research [1]. On-site air sample collection and laboratory analysis by isotope ratio mass spectroscopy [2] is time-consuming and often impractical when largescale and/or real-time data acquisition is required. For this purpose, optical sensor based on laser spectroscopy is attractive due to its simplicity, high sensitivity, and ability to distinctly identify different molecules isotopologues simultaneously. While water vapor isotopologue detection by laser spectroscopy has been previously reported, these instruments are typically bulky, expensive and require sensitive optical alignment [3, 4] , making them difficult to use for field deployment. Here we report the detection of H16OH, H18OH and HDO water isotopologues by an optical fiber-coupled, palm-size, multi-pass gas cell using tunable diode laser absorption spectroscopy (TDLAS). Our approach leads to improved sensor portability and reduced need for optical alignment, making it more suitable for direct field-deployment, especially for applications that require real-time atmospheric monitoring in small and/or hardto-access locations.
The multi-pass optical gas cell has dimension of only 11.5 x 6 x 4 cm, and is based on the White cell design [5] that is comprised of 3 mirrors in the cell, allowing light to zig-zag the gas mixture inside the cell. The cell is tightly sealed and operated at a pressure of 100 Torr. We have chosen by careful investigation using HITRAN [6] to use the absorption lines around wavelength of 2656 nm. The laser light is launched through an InF3 IR multimode fiber, and coupled into the gas cell through a specially-designed FC/PC adapter. The output laser light is coupled through a sapphire window and collected by a PbS transimpedance amplified photoconductive IR detector. A photo of the setup is given in fig. 1 .
Water vapor is introduced into the cell at controlled flow rate and concentration through a vapor delivery system. Nitrogen is used as the carrier gas through a membrane tubing (Accurel PP V8/2 HF from Membrana GmbH) immersed in liquid water filling a sealed glass jar [7] . The carrier nitrogen flow rate is controlled by a mass flow meter. As the nitrogen flows through the membrane tubing immersed in liquid water, water vapor diffused through the membrane into the nitrogen and is carried into the multi-pass cell. The water vapor concentration in the multi-pass cell is controlled by another stream of diluting nitrogen mixed with the carrier nitrogen stream before entering the cell, with the diluting nitrogen flow rate controlled by a second mass flow controller. Three types of waters were investigated: DI water, O18-enriched water, and D-enriched water. Their corresponding isotope ratios are shown in table 1. Fig. 2 shows a transmittance curve of ambient air measured by direct absorption (blue curve). Ambient air at 60% relative humidity is drawn into the cell by a vacuum pump. The absorption peaks due to H16OH and H18OH are clearly observable in the data, while the peak due to HDO is considerably smaller as expected but is still observable though a zoom-in of the data. We have also carried out simulation of the transmittance using HITRAN based on the above-mentioned experimental conditions and assuming a Voigt absorption line profile. The result is shown in the red curve on the same figure. The simulated result agrees well with the measurement in line positions, absorption strength, and absorption linewidth.
For the less naturally-abundant isotopologues H18OH and H16OD, wavelength modulation spectroscopy (WMS) can provide better signal-to-noise ratio when compared to direct absorption due to the higher sensitivity given by noise-filtering effect from the lock-in amplifier. This is illustrated in fig. 3 , in which both the direct absorption and WMS signals from water vapor fully saturating the carrier nitrogen gas are shown.
Elevated isotope ratios in water vapor from isotopically enriched oxygen-18 and deuterium water are detected as shown in figure 4. Further calibration under various environmental conditions temperature, humidity is required for future applications 
